Study Design: Non-concurrent prospective study. Purpose: To determine the functional outcome after open 'fragment' discectomy for recurrent lumbar disc herniation, and to analyze the factors that may affect the outcome. Overview of Literature: Literature search revealed only four studies where the factors affecting the outcome of a revision surgery for recurrent disc herniation have been evaluated. None of these studies analyzed for diabetes, disc degeneration and facet arthropathy. We have analyzed these features, in addition to the demographic and clinical factors. Methods: Thirty-four patients who underwent the procedure were followed up for an average period of 27.1 months. The Japanese Orthopaedic Association (JOA) score and Oswestry disability index (ODI) were used to assess the functional outcome. Age, gender, smoking, diabetic status, duration of recurrent symptoms, the side of leg pain, level and type of disc herniation, degree of disc degeneration on magnetic resonance imaging, and facet joint arthritis before first and second surgeries, were analyzed as factors affecting the outcome. Results: The average Hirabayashi improvement in JOA was 56.4%. The mean preoperative ODI was 74.5% and the mean ODI at final follow-up was 32.2%, the difference being statistically significant (p<0.01). Patients with diabetes, all of whom had poor long term glycemic control, were found to have a poor outcome in terms of ODI improvement (p=0.03). Conclusions: Open fragment discectomy is a safe and effective surgical technique for the treatment of recurrent disc herniation. However, patients with uncontrolled diabetes may have a less favorable outcome. 
Introduction
Recurrent disc herniation is indicated when lumbo sacral radiculopathy, caused by ipsilateral or contralateral disc reherniation at the previously operated level, occurs after a pain free interval of at least 6 months, in a patient who had undergone lumbar discectomy [1] . Recurrent disc herniation has been reported in 5% to 11% of patients after lumbar discectomy [2, 3] . Since the overall rate of unsatisfactory results after discectomy is between 5% to 20% [4, 5] , recurrent disc herniation is thus a major cause of surgical failure.
There are a few studies in the literature which have attempted to analyze the risk factors for the development of recurrent disc herniation. However, we could only identify four studies where the factors affecting the outcome of a revision surgery have been evaluated [1, [6] [7] [8] . None of the studies have analyzed diabetes and radiological factors, such as disc degeneration and facet arthropathy. In this study, we undertook to evaluate these features, in addition to the demographic and clinical factors which may affect the outcome after redo fragment discectomy. Identifying such factors would, if possible, help in modifying them to achieve better results, and would assist in explaining prognosis and expected outcome to the patients before surgery.
This study was undertaken to determine the functional outcome after open fragment discectomy for recurrent disc herniation, and to analyze the factors that may affect the final outcome.
Materials and Methods
This study was a non-concurrent prospective study undertaken at a tertiary care hospital between January 2005 and March 2013. A total of 34 patients who underwent redo fragment discectomy by conventional open method for recurrent disc herniation were followed up for a minimum period of 1 year. Patients with radiological instability were excluded.
The functional outcome was assessed using the Japanese Orthopaedic Association (JOA) score and the Oswestry disability index (ODI) [9, 10] . The sample size of 34 was calculated from a similar study [6] , where JOA was used as an outcome measure. They found an average JOA improvement of 72%. A precision of 15% was taken for this study, with a 95% confidence interval.
The data was collected before the surgery and at final follow-up. Age, gender, smoking, presence of diabetes, duration of recurrent symptoms, the side of recurrent leg pain, level and type of disc herniation, degree of disc degeneration on magnetic resonance imaging (MRI), and facet joint arthritis before first and second surgeries were analyzed as factors affecting the outcome.
The improvement in JOA was calculated according to the Hirabayashi score [11] and further classified as done by Takahashi et al. [12] , into 4 categories (excellent, 75%-100%; good, 50%-74%; fair, 25%-49%; poor, <25%). The ODI improvement was calculated as the difference between the ODI scores at preoperative and at the final follow-up. The distance a patient is able to walk on a flat surface without support was assessed preoperatively and at follow-up.
The type of disc herniation noted during surgery was classified according to McCulloch and Transfeldt [13] ; the degree of disc degeneration seen in MRI at the level of herniation was classified according to Pfirrmann's grading [14] ; and the stage of facet joint arthritis was classified according to Fujiwara et al. [15] . The occurrence of complications such as neurological deficits, accidental durotomy, infection and instability were noted. Instability was evaluated by using the radiographic criteria as described by Posner et al. [16] . 
Results
The average follow-up period was 27.1 months (range, 12-82 months). There were 28 male (82.3%) and 6 female (17.7%) patients, with a mean age of 45.1 years. Of these, eight patients (23.5%) were diabetic and eight patients (23.5%) were smokers. The average duration of symptoms before the second surgery was 6.7 months. The most common level of recurrence of herniation was L4-5, which was seen in 20 patients (58.8%). Ipsilateral recurrent herniation occurred in 23 patients (67.6%), while 8 patients (23.5%) had contralateral herniation. Central herniation was seen in three patients having bilateral leg pain (Table 1) .
During the 1st surgery, the most common type of disc degeneration was Pfirrmann's type III, which was seen in 16 patients. At the 2nd surgery, the degree of disc degen-eration seemed to have progressed, as Pfirrmann's type IV was seen in 18 patients. The progression of disc degeneration was most common in patients who had grade III degeneration before the 1st surgery, and 81% of patients (n=13) progressed to grade IV at second surgery. Akin to disc degeneration, the facet arthropathy also seemed to have steadily progressed: 19 patients had stage 2 arthropathy at 2nd surgery, as compared to only seven patients who had stage 2 arthropathy before 1st surgery. Two patients had accidental durotomy, which was primarily repaired. There were no other complications. None of the patients had radiological instability at follow-up ( Table 2) .
The difference in the mean ODI preoperatively (74.5%) and at final follow-up (32.2%) was found to be statistically Table 3 ). The average ODI improvement (difference in ODI score at preoperative and at the final follow-up) was 42.6% (range, 0%-78%). The mean preoperative JOA was 8.8 and the mean JOA at followup was 20.4; the difference was found to be statistically significant (p<0.01) ( Table 1 ). The average Hirabayashi (Table 3 ). The mean preoperative walking distance was 127.9 meters, whereas at final follow-up it was 1,380.8 meters. The average improvement in walking distance was found to be 1,252 meters, which was statistically significant (p<0.01). Among the clinical factors evaluated, patients with diabetes, all of whom had a poor long term glycemic control (HBA1c>7.5), were found to have a poor outcome in terms of ODI improvement, which was statistically significant (p=0.03). Age, gender, smoking, duration of recurrent symptoms, the side of leg pain, level and type of disc herniation, degree of disc degeneration and facet joint arthritis before 1st and 2nd surgeries were not found to affect the outcome (p>0.05).
Of the 34 patients, five patients (14.7%) complained of significant axial back pain and leg pain at follow-up (average 32.8 months after the 2nd surgery). None of them responded to non-operative treatment given for 6-8 weeks, from the time they presented with these complaints (first follow-up). All patients had to undergo a 3rd surgery, in the form of fusion (instrumented PLIF), after which they were followed-up for an average of 42.2 months (range, 10-70 months). Average ODI improvement was 59.6, with three patients having minimal disability and two with moderate disability. The average JOA improvement was 68.6%. With the Takahashi et al. [12] classification of JOA improvement, four patients (80%) had satisfactory outcome after the 3rd surgery. The fusion was assessed using the modified Lee's criteria [17] . Accordingly, two patients had definitive fusion, two had probable fusion and one patient had possible pseudoarthrosis.
Discussion
Recurrent lumbar disc herniation is a major cause of postoperative failure in patients who undergo lumbar discectomy. The duration after the first surgery that should elapse before a patient is said to have recurrent herniation is not clearly defined in literature. Some studies have considered 3 months [6] , while most others consider 6 months as the time interval. Although in the clinical settings no strict time interval is required to elapse before the diagnosis of a recurrent disc herniation can be made, Lee et al. [18] have noted in their review article that before 6 months have elapsed, it is difficult to distinguish a recurrent disc with postoperative changes and scar tissue, in an MRI. There are studies showing possible distinction between scar and recurrent herniation with contrast enhanced MRI scans, but there is no study distinguishing postoperative changes, scar tissue and recurrent herniation in MRI within 6 months of surgery. Hence, it is difficult to objectively diagnose a recurrent disc herniation as the cause of patient's symptoms within 6 months of surgery. This study included a uniform cohort of patients, with a minimum of 6 months pain free interval after the first discectomy, who were treated with redo open 'fragment' discectomy.
The treatment of recurrent disc herniation is varied, with some authors advocating fusion while many others prefer repeat discectomy. Studies have indicated the outcome of repeat discectomy to be similar to both primary discectomy [1, [19] [20] [21] and also to fusion [22, 23] ; therefore, repeat discectomy seems to be a better choice in patients without instability.
In this study, the functional outcome was assessed using the ODI and Hirabayashi percentage improvement of JOA, and its classification used by Takahashi et al. [12] . Tsai et al. [7] and Guo et al. [8] in their retrospective studies, have used the Macnab's criteria which is a truly subjective scale and does not take into account objective factors like walking distance, presence of motor or sensory deficits, bladder dysfunction, and other subjective factors involving activities of daily living like washing, lifting, sitting and standing. In these aspects the JOA seems to be a better measurement tool which incorporates both objective as well as subjective data. Suk et al. [1] , in their retrospective evaluation of 28 patients with recurrent disc herniation, have used the VAS score for 'radiating leg pain' as the only outcome measure; the suitability of this outcome measure (VAS score) can be questioned, as many other factors like back pain, neurological deficits etc., can also affect the final outcome.
In our present study, at follow-up, the average Hirabayashi improvement percentage in JOA was 56.4% (range, 0%-91.6%). According to improvement in JOA, 64.8% (n=22) had a satisfactory outcome. The average ODI improvement was 42.6% (range, 0%-78%). At follow-up, 15 patients (44.2%) had minimal disability. The results were comparable to other studies [8, 21] where JOA and ODI were used as outcome measures.
Assessment of factors affecting the outcome of recurrent disc herniation helps to prognosticate the outcome in a patient who has already had a 'failed back surgery' . Four studies [1, [6] [7] [8] could be found in literature, which have tried to analyze the factors affecting the outcome after a redo discectomy. As in our study, in these studies also, age, gender, smoking, level of herniation, type of herniation, side of recurrence and duration of recurrent symptoms were not found to affect the final outcome.
Patients with diabetes have been found to have a poor outcome after lumbar discectomy [24, 25] , decompression [24] [25] [26] [27] , and fusion [26, 28, 29] surgeries. In our study, all patients with diabetes had Type II diabetes, were on insulin therapy, but with poor long term glycemic control (HBA1c>7.5 in all patients preoperatively and at final follow-up). According to the World Health Organization clinical classification of diabetes, all the 8 diabetic patients were classified as stage II (insulin requiring for control) [30] , and were found to have a poor outcome in terms of improvement in ODI (p=0.03). In their study of outcome of decompression in diabetic patients with lumbar canal stenosis, Cinotti et al. [26] found 80% of the diabetic patients who underwent decompression had delayed nerve conduction velocity in lower limbs as compared to 25% among the non-diabetics. As noted by Simpson et al. [24] , the poor results in the diabetic patients may be related to coexisting diabetic neuropathy, associated microvascular disease that affects the spinal nerve roots, or to the failure of the nerve roots of these patients to recover after decompressive procedures. The presence of diabetes per se may not contribute to a poor outcome, but the presence of uncontrolled diabetes with its complications like neuropathy, may result in a less favorable outcome. In this study, we did not evaluate nerve conduction or vascular insufficiency in lower limbs, as a routine in any of the patients. Hence, we could not identify the reason why diabetic patients had a poor outcome when compared to patients without diabetes. Although we found that patients having diabetes with poor long term glycemic control had a less favorable outcome, we did not have a control group which could have enabled us to compare these patients with the individuals who may have well controlled diabetes. This is a limitation of our study, and an area which needs further research.
With the evolution of motion preserving surgeries in the lumbar spine, we wanted to assess the effect of structures that allow motion at a given spinal segment i.e., the intervertebral disc and the facet joints. We found that the extent of disc degeneration observed in MRI before 1st and 2nd surgery affected the outcome in terms of ODI and its subsequent improvement at follow-up, with a borderline statistical significance (p=0.07 and p=0.08). The degree of facet joint arthritis before 1st and 2nd surgery did not affect the final outcome.
In the only prospective study evaluating 26 patients undergoing repeat discectomies for ipsilateral recurrent disc herniation, and considering a similar group of 50 patients who underwent primary discectomies as controls, Cinotti et al. [19] found that the patients in their study group had significantly more severe disc degeneration as compared with the control group. Although in our study we could not ascertain the degree of disc degeneration to be a risk factor for recurrent herniation (we did not have a control group), patients showing more severe disc degeneration in MRI at first surgery were found to be more symptomatic before second surgery in terms of ODI. The marginal p-values we derived with respect to the effect of disc degeneration on the outcome, might be because of the small sample size. The sample size though small, is comparable to other such studies in literature.
Conclusions
With this study, we can conclude that open fragment discectomy is a safe and effective surgical technique for the treatment of recurrent lumbar disc herniation. Patients with diabetes and poor long term glycemic control may have a less favorable outcome, though further research in this regard is needed to ascertain what complications of diabetes contribute to poor outcome.
